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BiTeI is a giant Rashba spin splitting system, in which a non-centro symmetric topological phase
has recently been suggested to appear under high pressure. We investigated the optical properties of
this compound, reflectivity and transmission, under pressures up to 15 GPa. The gap feature in the
optical conductivity vanishes above p ∼ 9 GPa and does not reappear up to at least 15 GPa. The
plasma edge, associated with intrinsically doped charge carriers, is smeared out through a phase
transition at 9 GPa. Using high pressure Raman spectroscopy, we follow the vibrational modes of
BiTeI, providing additional clear evidence that the transition at 9 GPa involves a change of crystal
structure. This change of crystal structure possibly inhibits the high-pressure topological phase
from occurring.
PACS numbers: 72.20,-i, 74.62.Fj, 78.20.-e
Interest in the non-centrosymmetric semiconductor
BiTeI surged when it was found that this compound hosts
the largest known Rashba spin splitting in bulk form [1–
3]. While this material is structurally related to the re-
cently discovered bismuth chalcogenide topological insu-
lators [4, 5], it is an insulator of the common variety at
ambient pressure. Recent first-principles band structure
calculations suggested that BiTeI undergoes a transition
to the topological insulating phase under pressure [6],
through which BiTeI would become the first example
of non-centrosymmetric topological insulator. Moreover,
such a band-structure topology change realizes a remark-
able example of topological phase transition. While sev-
eral examples of topological phase transitions occurring
upon varying chemical composition have been reported
in the literature [7–9], the pressure-induced transition in
BiTeI would present the advantage of being controllable
and reversible.
Optical conductivity is well suited to probe the band
structure of BiTeI under pressure. In this Letter, we de-
termine the high pressure optical properties by measur-
ing transmission and reflectivity of BiTeI up to 15 GPa.
We follow the optical gap under pressure and find that
it decreases monotonically until 9 GPa. At this pressure
the plasma edge associated with the doped carriers is
strongly broadened due to a sudden increase of σ1(ω) at
the plasma frequency. Above this pressure the gap fea-
ture in the optical conductivity has disappeared, and it
does not reappear to the highest pressure reached. The
high pressure phase appears to be metallic. Using Raman
spectroscopy, we observe a sudden change in the number
and frequency of the vibrational modes at 9 GPa, which
shows that a structural transition occurs at this pressure.
Single crystals of BiTeI were grown by the floating zone
method, starting from the stoichiometric ratio of metallic
bismuth, tellurium and bismuth iodide. The unit cell of
BiTeI is composed of triple layers, Te–Bi–I, stacked along
the polar c-axis [1]. The triple layers are bound by a weak
van der Waals interaction. The structure is described by
the non-centrosymmetric space group P3m1.
At ambient pressure, the reflectance was measured at a
near-normal angle of incidence on a freshly-cleaved a− b
surface, from 25 meV to 0.9 eV using an in situ evapora-
tion technique. The complex dielectric function and the
optical conductivity were obtained by Kramers-Kronig
transformation of the reflectivity, supported by spectro-
scopic ellipsometry data from 0.6 eV to 5.6 eV. Know-
ing the optical constants of diamond, we converted the
vacuum-sample reflectivity to one at the diamond-sample
interface, Rsd. Transmission was measured through a
flake of BiTeI using an infrared microscope. Optical data
at high pressure were acquired up to 15 GPa with a di-
amond anvil cell (DAC) at the X01DC IR synchrotron
beamline of the Swiss Light Source [10, 11]. Reflectivity
was determined in the frequency range from 60 meV to
1 eV for a dense set of pressures. The intensity of ra-
diation reflected from the diamond to sample interface
was normalized by the intensity from the interface be-
tween the diamond and the metallic (Cu-Be alloy) DAC
gasket.
The reflectivity ratios measured in the DAC were cali-
brated against Rsd obtained from the absolute reflectiv-
ity measured outside the cell. In order to calculate the
complex dielectric function ˆ(ω) the reflectivity data were
fitted for all pressures to a Drude-Lorentz expression. A
sufficiently large number of oscillators (variational dielec-
tric function [12]) was used so as to reproduce all fine
details of the reflectivity spectra. Transmission was mea-
sured from 80 meV to 1 eV for a fine mesh of pressure
points. Raman spectra at high pressure were recorded us-
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FIG. 1. (Color online) (a) The reflectance and transmission,
and (b) the real part of the complex conductivity σ1(ω). The
left inset: blow-up of σ1(ω). The right inset: sketch of band
structure near the A point with the chemical potential in
dashed line. The dashed vertical lines mark the energy range
where the high-pressure experiments were perfomed.
ing the same DAC up to 15 GPa, with daphne oil 7373 as
pressure medium and a home-made micro Raman spec-
trometer.
Reflectance and transmission data are shown in Fig. 1a
at ambient pressure and room temperature. A sharp
plasma edge appears in the reflectance at 0.15 eV, and
near 0.4 eV a kink is observed. Transmission through
a 6 µm thick flake of BiTeI in the mid infrared range
displays a maximum around 0.45 eV, which matches the
frequency of the kink in the reflectivity. Another small
peak in the transmission is observed at 0.15 eV and con-
curs with the plasma edge in the reflectance. Rsd is the
reflectivity expected for the diamond-sample interface,
showing similar features as the reflectivity with a plasma
edge at the same position.
The real part of the optical conductivity σ1(ω) shown
in Fig. 1b is gapped below ∼ 0.5 eV, which is just above
the energy of the maximum in transmission. Simultane-
ously, a Drude contribution emerges below 0.1 eV which
agrees with the metallic behavior of the resistivity as well
as with the previous optical studies [13–15]. This metal-
lic contribution is very likely due to the impurity doping
and a slight off-stoichiometry, particularly of iodine be-
cause of its high fugacity. We attribute the fine structures
in the optical conductivity to the interband transitions
α and β, and the onset of absorption (gap edge) γ, as
sketched in the insets of Fig. 1b [13–15].
The band structure and the interband transitions are
expected to be strongly influenced by pressure [6]. In-
deed, we observe significant pressure induced changes in
the optical properties. Fig. 2a shows the reflectivity as
a function of photon energy for various pressures. The
reflectivity is measured at a sample-diamond interface,
and the levels may be compared to the Rsd shown in
Fig 1a. The lowest pressure curves contain Fabry-Perot
resonances at frequencies just below the gap onset, due to
the small sample thickness and the sample transparence.
The reflectivity in Fig. 2a has a sharp plasma edge at
0.15 eV, consistent with Fig. 1a. Very little change is
observed up to 7 GPa, and the plasma edge remains at
the same energy. There is, however, a gradual increase
of the reflectivity level at frequencies above the plasma
edge, and a decrease of the level below the plasma edge.
Above ∼ 7 GPa, the plasma edge suddenly begins to
shift towards lower energies, and at 9 GPa it starts to
gradually smooth out. Above 9.5 GPa, the plasma edge
disappears, and the reflectivity level now increases across
the entire photon energy region. For the highest pressure
reached no plasma edge is observed, but the reflectivity
has an upturn towards low energies suggesting a metal-
lic state. Overall, the reflectivity experiences a dramatic
pressure-induced change in the studied energy range.
The real part of the optical conductivity σ1(ω) ob-
tained from the complex dielectric function ˆ(ω) is shown
in Fig. 2b [16]. Below 9 GPa, the Drude contribution
persists almost unchanged, and the high-frequency σ1(ω)
indicates a gradual shift of the absorption edge towards
lower energies. This means that below 0.2 eV there is
little change in σ1(ω), whereas above 0.35 eV σ1(ω) in-
creases as the gapped states become filled. As the ab-
sorption edge shifts, the dip in σ1(ω) at 0.45 eV gradu-
ally disappears with increasing pressure. Above 9 GPa,
the Drude contribution disappears from our energy win-
dow and σ1(ω) becomes rather flat below 0.2 eV. Around
this pressure the slope of σ1(ω) changes sign at low ener-
gies, from negative to positive. As the pressure increases
further, the gap edge shifts more rapidly to lower ener-
gies. By 12 GPa, the low energy states (below 0.2 eV)
have been filled and the gap tends toward very low ener-
gies. At the highest reached pressures, the gap in σ1(ω)
appears to be zero or very small. There are two clear
limiting cases for the optical gap. At zero pressure, the
gap is finite (∼ 0.4 eV), and remains above ∼ 0.3 eV up
to 9 GPa. At 15 GPa the conductivity is not gapped at
room temperature. We cannot attach a precise value to
the gap above 9 GPa because it is not accompanied by a
clear spectroscopic feature.
The transmission, shown in Fig. 2c [17], features a
sharp peak at 0.46 eV at low pressure, just below the
band gap. It agrees with the ambient pressure transmis-
sion shown in Fig. 1a. The position of the transmission
maximum redshifts with pressure and diminishes in in-
tensity. This decrease in the maximum intensity is par-
ticularly sharp at 3 GPa. The monotonic decrease termi-
nates in an abrupt disappearance of the peak at 9 GPa.
The collapse of the transmission peak above 9 GPa sug-
gests that a phase transition is taking place at this pres-
sure. This is in agreement with the reflectivity and the
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FIG. 2. (Color online) (a) Reflectivity shown for different pressures (legend in panel b). Inset: Close up in the low pressure
range. (b) Real part of the optical conductivity, σ1(ω). (c) Transmission through a ∼ 5µm thick sample. (d) The pressure
dependence of σ1(ω) at different energies. (e) and (f) The loss function, −Im(1/ˆ(ω)). Inset shows a sketch of the sample
environment within the diamond anvil pressure cell. In all panels, the data taken between 0.22 and 0.33 eV are not shown due
to strong diamond absorption.
optical conductivity, which indicate that above 9 GPa
the gap feature in σ1(ω) is gone.
Fig. 2d shows σ1(ω) as a function of pressure, for a se-
ries of photon energies ranging from 0.068 eV to 0.74 eV.
Common to all the curves is a sharp kink at p ∼ 9 GPa.
This confirms that at 9 GPa a phase transition takes
place which influences the electronic structure. Above
9 GPa, σ1(p) steeply increases in the whole energy range.
The optical conductivity σ1 at 0.068 eV shown in Fig. 2d
(corresponding to the lower limit of our experimental
window of observation), the optical conductivity spec-
tra shown in Fig. 2b and the transmission spectra in
Fig. 2c [17], have a gradual variation as a function of
pressure between 0 and 9 GPa. In order for our data
to be consistent with a quantum phase transition in the
range 1.7− 4.1 GPa as predicted in Ref. [6] and the sig-
nature of which was reported in Ref. [18], it would be
necessary that the full process of closing and reopening
of the gap is completed in between the pressure points of
Fig. 2, i.e. within a pressure window of about 0.5 GPa.
One of the most striking aspects of the presented
data is the abrupt disappearance of the plasma edge for
p ' 9 GPa in the reflectivity. The sharp low-pressure
plasma edge originates in a well defined Drude peak in
σ1(ω), which suggests a coherent charge transport in
the low pressure phase (p < 9 GPa). To better illus-
trate the pressure dependence of the plasma frequency,
Fig. 2e and 2f show the loss function, −Im(1/ˆ). A max-
imum in the loss function corresponds to the screened
plasma frequency. At ambient pressure we observe one
such mode at 0.13 eV and associate it with the intraband
plasmon. This plasmon mode widens with pressure and
slightly bends towards lower energies above 3 GPa, with-
out appreciable pressure dependence up to 9 GPa. The
loss function remaining constant means that the spec-
tral weight of the Drude contribution does not change
much. However, at 9 GPa the peak in the loss function
suddenly vanishes. The dramatical disappearance of the
plasmon peak is not due to the disappearance of the free
carriers: there still has to be a Drude contribution at
highest pressures, since the reflectivity has clear Hagen-
Rubens upturns at low energies. Instead, the conductiv-
ity σ1(ω) increases above 9 GPa and this sudden increase
in the conductivity produces very strong damping. The
plasmon thus becomes overdamped by background con-
ductivity and appears washed out. High pressure pushes
the interband transitions close to zero energy, and above
9 GPa they become strongly mixed with the tail of the
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FIG. 3. (Color online) Raman spectra from 0 to 15 GPa. (a) and (b): parallel polarization. (c) and (d) crossed polarization.
Drude peak.
To gain better understanding of the transition at
9 GPa, we measured the pressure effects on the opti-
cal phonons using polarized Raman spectroscopy from
0 to 15 GPa, shown in Fig. 3. The symmetry analysis
gives four zone-center vibrational modes, with the irre-
ducible vibrational representation Γ = 2A1 + 2E. All
of them are both Raman and infrared active because of
the lack of inversion symmetry. At ambient pressure,
parallel polarization shows A1(1) = 94, A1(2) = 150
and E = 102 cm−1, while crossed polarization shows
E = 102 cm−1, in agreement with the previous stud-
ies [19, 20]. Around 2 GPa both A1 modes diminish in
the parallel polarization and at the same time appear
in the crossed polarization. While this may be related
to a gradual change in the crystal lattice, there is no
theoretical argument why a topological phase transition
would have this effect on the Raman spectra. Besides
the expected blueshift of the Raman modes under pres-
sure, an important effect is observed above 9 GPa: three
modes are visible up to 9 GPa, above which the spec-
trum changes abruptly and several weak peaks appear.
The appearance of new vibrational lattice modes points
to a change of crystal structure at the pressure where
also the change in optical conductivity takes place.
Bahramy et al. predicted that pressure causes reduc-
tion of the band gap of the topologically trivial BiTeI [6].
As pressure reaches its critical value pc the gap closes
developing a Weyl semimetal phase, and its further in-
crease reopens the gap resulting in a topological insula-
tor phase characterized by a band-inversion feature. The
first-principles calculations performed at the DFT-GGA
level of theory estimate the critical pressure pc to be in
the range 1.7 − 4.1 GPa [6]. However, it was shown re-
cently that the inclusion of many-body quasiparticle cor-
rections calculated within the GW approximation results
in a significant increase of the band gap of BiTeI bring-
ing it in close agreement with the experimental value
Eg = 0.38 eV [21]. Such an increase of the electronic
band gap in the topologically trivial regime would effec-
tively result in a positive shift of pc [22]. Our GW cal-
culations estimate pc ∼ 10 GPa [23], i.e. the structural
phase transition takes place before the predicted topo-
logical phase transition and precludes its observation.
The appearance of several additional Raman active
modes above the critical pressure is unambiguous evi-
dence for a change of crystal structure, in agreement with
the XRD data [18]. Yet the optical conductivity in Fig. 2
progresses gradually through this phase transition as a
function of pressure, and has a kink at 9 GPa for all in-
frared photon energies. Therefore we postulate that the
high pressure phase is structurally close to the one at am-
bient pressure (space group P3m1 with 3 atoms per unit
cell), and differs mainly by the stacking of BiTeI layers. A
good candidate is the space group P63mc with 6 atoms
per unit cell, which is the structure of the chemically-
related compound BiTeCl at ambient pressure [24]. Our
ab initio calculations imposing the latter crystal struc-
ture for pressurized BiTeI [23], show that in this phase
the gap also decreases gradually as a function of pressure,
and evolves toward a topologically trivial semi-metallic
state characterized by a negative gap. This hypothe-
sis about the structure is also consistent with the ob-
servation that the main Raman lines are only slightly
shifted above 9 GPa and several other weak lines appear.
Another candidate which was recently suggested for the
higher pressure phase is the Pnma space group structure
with 4 formula units per unit cell [25].
To summarize, we have determined the pressure depen-
dence of the optical properties and Raman vibrational
5modes of BiTeI, under pressures up to 15 GPa. The re-
flectivity and transmission show dramatic changes under
pressure. The band gap monotonically decreases as a
function of increasing pressure and the optical conduc-
tivity increases. At 9 GPa this process is accelerated.
As a result, the interband plasmon becomes overdamped
above 9 GPa. The transmission data demonstrate clear
evidence of a phase transition at 9 GPa, corroborated
by the pressure-dependent Raman spectra indicating a
sudden change to a different crystal structure at this
pressure. This structural transition possibly prevents the
predicted topological high-pressure phase in BiTeI from
occurring.
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FIG. 1. Gap as a function of pressure for GGA and GW calculations.
The band structures of BiTeI under pressure were first calculated from density functional
theory (DFT) within the generalized gradient approximation (GGA) as implemented in
the QUANTUM-ESPRESSO package [1]. Spin-orbit effects were accounted for using the
fully relativistic norm-conserving pseudopotentials acting on valence electron wavefunctions
represented in the two-component spinor form [2].
The atomic positions and cell shape were relaxed at constant volume for a range of volume
between 0.85V0 and 1.15V0, where V0 is the experimental unit cell volume (V0 = 111.76A˚
3).
The pressure was obtained by fitting the Murnaghan equation of state to the energy vs.
volume curve. The gap as a function of the pressure is shown on Fig. 1. A closing of the
gap is expected around PC = 2.7GPa. A sketch of the band structure transition is shown
on Fig. 2c). The closing of the gap takes place near the A point along the A→H line in the
Brillouin zone.
The low value of PC predicted by GGA is due to the underestimation of the band gap
inherent to the DFT methodology. For a better estimation of the band gap, we performed a
GW calculation. The quasiparticle energies were evaluated within the G0W0 approximation
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FIG. 2. (a) Quasiparticle self-energy corrections as a function of LDA energies for bulk BiTeI,
(b) GGA and GW band structure of bulk BiTeI at ambient pressure, and (c) Topological band
structure transition around the critical pressure PC . The color correspond to the weight of the
state on the Bi (blue) and Te (red) atoms.
to the electron self-energy starting from non relativistic LDA results for ambient pressure
BiTeI using the approach of Hybertsen and Louie [3]. This first-principles GW methodology
is implemented in the BERKELEYGW code [4]. The quasiparticle self-energy correction
is shown on Fig. 2a. The correction leads to an opening of the non-relativistic band gap
of 0.35eV. The ambient pressure quasiparticle correction was applied to the non-relativistic
GGA band structure at different volume using the scissor shift approximation. The spin-
orbit effect were included as a last step by calculating the spin-orbit matrix element between
the scissor-shifted Kohn-Sham GGA eigenstates following the approach of Ref. 5. The bands
structure at ambient pressure obtained from this methodology is shown in Fig. 2b. The band
gap as a function of the pressure from GW is shown on Fig. 1. The critical pressure within
this approximation is ∼ 10 GPa.
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FIG. 3. Band structure of the P63mc phase under pressure
2. BAND STRUCTURE OF THE HIGH PRESSURE PHASE
Since the optical properties of BiTeI progress gradually through the crystallographic
phase transition (see Fig. 2 in main text), our hypothesis is that the high pressure phase is
structurally close to the ambient pressure phase. A possible candidate for the high pressure
phase is the structure of the chemically related compound BiTeCl (space group P63mc with
6 atoms per unit cell). This structure correspond to a doubling of the cell in the direction
perpendicular to the layers and differs from the ambient pressure phase by the stacking of
the two BiTeI layers. We calculated the band structure of this phase at different pressure
within the LDA approximation (Fig. 3). The results show that in this phase the gap also
decreases gradually as a function of pressure. However, in contrast with the ambient pressure
phase, the P63mc phase terminates in a topologically trivial metallic state. Thus no gap
reopening or topological phase transition is expected. This is consistent with the gradual
closing of the gap observed in experiment.
4
3. TRANSMISSION
Fig. 4 presents transmission data down to 0.07 eV. The optical conductivity is given to
a good approximation by − log(T (ω)), which is shown in Fig. 4a. Clearly the γ feature
remains close to its ambient value of ∼ 0.4 eV even up to 9 GPa (blue curves), indicating
a gradual evolution of the gap as a function of pressure in this pressure range. The lower
pressure p < 9 GPa data displayed in Fig. 4b shows no increase of transmission at low energy
up to 9 GPa where all curves are superposed.
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FIG. 4. Transmission data. a) Conductivity for all pressures and b) Transmission for p < 9 GPa.
Color code matches the one used in Fig. 2b of the manuscript.
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